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COMMON ERROR SOURCES
• LOW VOLTAGE (<1µV)
– Offset voltage: thermal EMF
– Noise Voltage: magnetic interference
• LOW CURRENT (<1µA)
– Offset current:
• Insulator leakage
• Meter bias current
• Detector dark current
– Noise current:
• Electrostatic coupling
• Vibration/deformation
2Solutions (Low Voltage)
• Thermal EMF
– All connections at the same temperature
– Crimped connections
• Magnetic interference
– Arrange leads as twisted pairs
– Remove/shield from magnetic fields
3Solutions (Low Current)
• Insulator leakage
– Choose good insulator, clean well.
• Meter bias current
– Choose picoammeter/electrometer
• Detector dark current
– Suppress or buck out with current sources
• Electrostatic coupling
– Avoid high voltages nearby and movements;
– Shielding
• Vibration/deformation
– Isolate from vibration. 
– Use low noise cable
4Voltmeter Input Resistance 
5Voltmeter Input Bias Current
6Effects of Shunt Resistance on 
Voltage Measurement Accuracy
Rshunt = 100GΩ, Rs = 10GΩ
Vs = 10V
7Effect of Cable Leakage 
Resistance
8Guarded Configuration
9Approximate Resistivity of 
Various Insulating Materials
10
Guarding
• The guard terminal of an SMU is usually the 
inside shield of the triax connector.
• The guard is driven by a unity-gain, low 
impedance amplifier. 
• By definition, the guard terminal is nearly at 
the same potential as the high impedance 
terminal, so the guard terminal will be at the 
same potential as the magnitude of the voltage 
source.
11
Guarding to Reduce Leakage Currents:
unguarded Circuit
12
Guarding to Reduce Leakage Currents:
guarded Circuit
13
Guarding the Leakage Resistance of a 
Cable with an SMU: unguarded Circuit
14
Guarding the Leakage Resistance of a 
Cable with an SMU: guarded Circuit
15
Effects of Input Offset Current on 
Current Measurement Accuracy
16
External Offset Current
• External offset currents can be generated by:
– ionic contamination in the insulators connected to 
the ammeter. 
– triboelectric and piezoelectric effects. 
• External offset currents can be suppressed 
with the current suppression feature (if 
available) of the instrument or they can be 
nulled by using a suitably stable and quiet 
external current source.
17
Using External Current Source to 
Suppress Offset Current
